Fish is considered one of the healthiest foods due to the high levels of several important cardioprotective compounds such as long chain omega-3 polyunsaturated fatty acids and vitamin E. However, due to widespread environmental pollution, high levels of contaminants may also be present in fish and seafood samples, which may counteract the beneficial effects of consumption of this food. With this in mind, the aims of this study were: 1) to examine both toxic and essential chemical elements in seafood and river and sea fish samples sold in different Brazilian regions by inductively coupled plasma mass spectrometer (ICP-MS); 2) to estimate the daily intake of these chemical elements by Brazilians. The toxic elements Ba, Cd, Pb, Sr, V and Sb were found in higher concentrations in seafood than in either sea or river fish, while As concentrations were higher in both seafood and sea fish than in river fish. On the other hand, Hg levels were higher in river and sea fish. Concentrations of the essential chemical elements Co, Mn, Cu, Fe, Mg, Zn and Mo were significantly higher in seafood compared with both sorts of fish except for Se, whose levels were similar in seafood and sea fish. Daily intake of all chemical elements was estimated on the basis of a calculation of the amount of fish consumed by Brazilian households (mean fish and seafood consumption of 11.0 g/person/day). The amount of toxic element in fish and seafood did not represent a risk for the Brazilian people. Moreover, fish and seafood seem to be a good source of selenium.
Introduction
Diet quality is very important for promoting health and lowering risk of nutritional-related chronic diseases such as osteoporosis, diabetes and cardiovascular disease [1] . Fish is considered one of the healthiest foods, due to its mainly cardioprotective effects [2] . Most of the benefit is probably related to high levels of long-chain omega-3 polyunsaturated fatty acids (PUFAs), especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), known for promoting anti-inflammatory effects [3, 4] . Fish is also a source of important nutrients besides PUFAs such as vitamin E and essential chemical elements [5, 6] .
However, due to widespread environmental contamination with possible accumulation of toxic elements in fish samples [7, 8] it is also of great importance to consider the risks of fish consumption.
Of the many pollutants found in fish samples, mercury (Hg) is one of the most widely recognized, especially since the 1960's, when methylmercury was discharged from an industrial plant into Minamata Bay, Japan. Marine life in the surrounding area was contaminated as was the local population, for who fish and seafood are the main source of proteins [7] . Fish contaminated with Hg as a result of gold mining [9] or leaching from naturally contaminated soils in this region [10] are also of great concern in Amazonian rivers. This contamination increases the risks of adverse toxic effects on riparian and indigenous communities who rely on fish as a daily dietary mainstay [11] .
Other toxic chemical elements, such as arsenic (As), cadmium (Cd) and lead (Pb), have also been measured in fish and seafood samples in several regions of the world [12] [13] [14] . The US Food and Drug Administration [15] has shown that fish and seafood are responsible for 90% of Americans' total As exposure. Moreover, Tressou, et al., 2004 [16] demonstrated in a probabilistic exposure assessment that seafood may represent from 8% to 25% of the total human dietary intake of Cd.
Despite the conflict between "fish as a source of essential nutrients" and "risk of ingestion of contaminated fish or seafood", there is a paucity of studies examining toxic and essential chemical elements in samples of seafood and fish sold in Brazil. Therefore, this study aims to evaluate essential, nonessential, and toxic elements in river fish, sea fish and seafood from different Brazilian regions by inductively coupled plasma mass spectrometry (ICP-MS). Furthermore, the daily intake of these chemical elements by Brazilians was estimated.
Material and Methods

Chemicals and Instruments
High purity water (Milli-Q system, resistivity 18.2 MΩ·cm ) was used in all experiments (Millipore RiOs-DITM, Bedford, MA, USA). HNO3 was distilled in subboiling stills (Kürner Analysentechnik) before use. Triton® X-100 and tetramethyl ammonium hydroxide (TMAH) 25% (w/v) in water were purchased from Sigma-Aldrich (St. Louis, USA). Before use, all materials used to prepare and store the solution and samples (bottles and Falcon® tubes) were cleaned in an acid bath (10% v/v) HNO 3 for 24 h. After this procedure, they were rinsed six times with Milli-Q water and dried in the laminar flow hood. All experiments were carried out in a clean room (class 1000). All the standard solutions for calibration were purchased from PerkinElmer (Shelton, CT, USA).
Essential, nonessential and toxic elements were all determined with an inductively coupled plasma mass spectrometer equipped with a reaction cell (DRC-ICP-MS ELAN DRCII, PerkinElmer, SCIEX, Norwalk, CT, USA) operating with high-purity argon (99.999%, Praxaair, Brazil). The sample introduction system was composed of a quartz cyclonic spray chamber and a Meinhard ® nebulizer connected by Tygon ® tubes to the peristaltic pump of the ICP-MS. The instrument settings and other operating conditions for analysis were according to Batista and colleagues [17] .
Sample Selection and Chemical Assessment
Samples were collected between 2009-2011 in different regions of Brazil (South, Southeast and Northeast). We selected the fish and seafood most commonly consumed by the Brazilian people. The samples were categorized as 1) river fish (n = 19); 2) sea fish (n = 18); and 3) seafood (n = 14).
River For all groups, only the edible parts (muscle) of the samples were used for the analysis. First, about 15 g of each sample was weighed, frozen to -80˚C and freezedried (Liobrás L101, Brazil). Subsequently the samples were weighed again and the percentage of water was calculated. Then, the samples were milled and sieved (406 µm pore size) and then stored in Falcon ® tubes in a dry location until analysis.
Chemical elements were determined as follows: samples (75 -100 mg) were accurately weighed in triplicate and 1 mL of TMAH 50% v/v was added. Samples were homogenized rotationally (Tecnal TE 165, Brazil) for 24 hours. After that the volume was made up to 10 mL with a diluent containing 0.5% v/v HNO 3 and 0.01% p/v Triton X-100 [17] . Analytical calibration standards were prepared daily over the range of 0 -20 ng·g , respectively. In order to verify the accuracy of the data, the following reference materials (RMs) were analyzed: 1) Fish Protein DORM-3 from the NRC Institute for National Measurement Standards, Canada; 2) Bovine liver SRM 1577; 3) Bovine muscle SRM 8414; and 4) Whole egg powder SRM 8415, all from the National Institute of Standards and Technology, USA.
Estimation of Daily Intake
Daily intake (EDI) of chemical elements was estimated on the basis of a survey of the amount of fish consumed by Brazilian households [18] and on the concentration of elements in raw fish. The average percentage of water in the fish and seafood was 74%. Therefore, the EDI was calculated using the formula: EDI = Ec × M in which EDI means the estimated daily intake of an element (mg/day/person or µg/day/person); Ec is the element concentration in raw fish and/or seafood; and M is the mass of raw fish and/or seafood consumed daily in Brazil. Risk characterization for toxic elements intake was performed based on toxicological reference values provided by the Joint Expert Committee on Food Additives (JECFA) or European Food Safety Authority (EFSA).
For essential elements the results were compared to the dietary reference intakes (DRIs) from the Food and Nutrition Board of the Institute of Medicine, 1997-2001 [19] .
Statistical Analysis
Data for essential, nonessential and toxic elements were reported as mean dry weight ± standard deviation (SD). Levels of chemical elements in the river fish, sea fish and seafood groups were compared using the Kruskal-Wallis test, followed by Duncan's post hoc. P values < 0.05 were considered significant. Statistica ® 8.0 (Statsoft Software , USA) was used to analyze data.
Results and Discussion
Prior to analysis, quality controls were (reference materials) were analyzed and the chemical element levels obtained were very close to the certified reference values ( Table 1) , ensuring the accuracy of the method used for ordinary sample analysis.
Levels of chemical elements in the samples analyzed in the present study are shown in Tables 2 and 3. The concentrations of the toxic elements Ba, Cd, Pb, Sr, V and Sb were statistically higher in seafood than in either river or sea fish ( Table 2) . Arsenic levels were higher in seafood and sea fish than in river fish. On the other hand, Hg levels were higher in fish (river and sea) than in marine invertebrates, suggesting that this element bioaccumulates in the food web.
Similarly, the concentrations of essential chemical elements except Se were significantly higher in seafood than in either kind of fish. Se levels in sea fish and sea food were comparable (Table 3) .
Furthermore, As is the toxic element with the highest magnitude of concentration in fish, with the other toxic elements listed in descending order: As > Sr > Hg > Ba-V > Pb-Cd > Sb. In seafood, however, this order was different: Sr > As > Ba > Cd > V > Pb > Hg > Sb ( Table 2) . The same pattern held true for essential elements. In thetissues of both types of fish, the magnitude order of the essential elements was similar (Mg > Zn > Fe > Se > Cu > Mn > Mo > Co) but in seafood it differed somewhat (Mg > Fe > Zn > Cu > Se > Mn > Mo > Co) ( Table 3) .
Anthropogenic activities have resulted in massive environmental pollution, making both aquatic and terrestrial environments vulnerable to a range of contaminants [20, 21] . Several studies have been carried out to determine the distribution of chemical elements in aquatic ecosystems [20] [21] [22] . However, there is no consensus among the available studies. This may be due to different habitats, species, growth rates or metal accumulation and detoxification mechanisms [23, 24] . Most of the chemical elements evaluated in the present study accumulated more intensely in seafood invertebrates than in fish. The species classified as seafood in this study are in general shrimps and mollusks, known to be the scavengers of the sea [25] . Therefore, the higher content of most chemical elements found in seafood may be attributed to the high filtering activity of these animals. Hg levels in fish (both river and sea) were similar to those presented by Cui and colleagues [22] . The authors showed higher Hg levels moving up the food chain. Hence, the higher Hg levels observed in fish compared to seafood imply that feeding habits may affect Hg accumulation at higher trophic levels [26] . In addition, it is worth pointing out that our study also evaluated fish from the Brazilian Amazon, a region known to be contaminated with Hg [27] . Despite the wide range of Hg levels, our results showed mean levels of 152 ng/g in river fish and 181 ng/g in saltwater fish. The Hg levels found by Burger, et al. [28] sea fish from New Jersey were similar to our outcomes (around 170 ng/g Hg) while Tuzen [29] reported values from 25 to 84 ng/g Hg in sea fish from Turkey. On the other hand, the Hg values (mean of 309 ng/g Hg) in fish from the Savannah River in the southeastern United States were considerably higher than those in our river fish group [30] .
Levels of As were significantly higher in sea fish (mean of 18.7 µg/g) and seafood (mean of 22.7 µg/g) than in river fish (mean of 0.24 µg/g) ( Table 2 ). However these concentrations are considerable lower than those recently reported in edible freshwater fish species (41 -61.5 µg/g) collected from the Ravi River, Pakistan [31] . It must be pointed out that the toxic properties of As are directly related to its chemical form [32] . Although the As levels found in our samples were high, unfortunately they are only total As amounts. Most of this As is in organic form, mainly arsenobetaine or arsenocholine, which are nontoxic forms of this metalloid. The widespread occurrences of Pb and Cd in the environment pose a threat to human health and nowadays there is debate about whether a there is any safe exposure threshold for lead. Storelli, et al. [14] determined Cd and Pb levels in salted anchovies in Italy. They found Cd levels around 225 ng/g while we found sea fish with mean Cd levels of 72 ng/g. They found a mean of 80 ng/g for Pb compared to 13 ng/g in our samples. Storelli showed higher Cd than Pb levels while our data show similar levels in sea fish [14] .
In order to determine the concentrations of elements including Ba in the 2006 UK Total Diet Study, a several kinds of food were examined [33] . Their fish samples had a mean Ba level of 140 ng/g, which is very similar to the mean found in the present study for Brazilian river fish samples (mean 92 ng/g Ba) and sea fish samples (mean 117 ng/g Ba). On the other hand, Ba levels in seafood samples in our study were much higher (mean of 1.61 µg/g Ba) which indicates that seafood is an important Ba source for Brazilians.
Levels of strontium (Sr), antimony (Sb) and vanadium (V) in edible fish and seafood have been poorly investigated. The Sb levels we found are in close agreement with those of Rose and colleagues [33] , who found a mean of 2.6 ng/g compared to the 3 ng/g observed here (for both river and sea fish). In UK fish, Sr mean levels were 2.5 µg/g [33] . This value was higher than those found in our Brazilian samples: 276 ng/g for river fish and 1.5 µg/g for sea fish. Fish samples from the Adriatic Sea had V levels of around 70 ng/g [34] while the V level in our sea fish sample was 129 ng/g. Antimony, Sr and V were also determined in fish and seafood from the marketplace in France [35] . In fresh fish samples, means were 1.5 ± 2.9 ng/g for Sr, 32 ± 49 ng/g for V, and 1 ng/g for Sb. The same authors found means of 12.6 ± 14.5; 200 ± 252 and 3 ± 2 ng/g for Sr, V and Sb, respectively. In contrast to fish, French seafood Sr and Sb levels were similar to those of the Brazilian samples. However, V levels were lower for French seafood.
The mean levels of the important antioxidant Se in the present study were approximately 1 µg/g and 3 µg/g for river fish and sea fish, respectively ( Table 3) . These levels may be considered high when compared with those reported in previous studies in other geographic regions. For instance, the mean Se concentration for 19 fish species in New Jersey was 300 ng/g [28] . A Turkish report found a mean Se level of 440 ng/g for ten different Black Sea fish species [29] . Few studies provide Se levels in river fish samples and the values are in general lower than those found in the present study. This variability may be due to different species, ages and also different study locations. Cobalt (Co) is an essential trace element whose main source for humans is beef [36] . Co levels ranged from 3 to 402 ng/g (dry weight) in the three groups of food samples analyzed in this study. Other studies have also shown low Co levels in fish. Mean Co levels of 10 ± 20 ng/g (dry weight) for edible marine fishes, and 10 ± 20 ng/g (dry weight) for mollusks were reported in marine fish and mollusks from the Lakshadweep Archipelago in the Arabian Sea [37] . Both values were lower than those found in this study with Brazilian samples: 18 ± 11 ng/g for sea fish and 91 ± 111 for seafood. The mean levels of Co in French fish and seafood samples, however, were 5 ± 7 ng/g (fresh mass) and 67 ± 104 ng/g (fresh mass), respectively [35] . These values are in close agreement with our findings. Conversely, the Co levels of three commercial sea fish from Turkey northeast Mediterranean Sea) were much higher than our results: around 1500 ng/g (ranging from 30 to 5610 ng/g (dry weight) [38] .
Copper levels in Brazilian fish samples varied from 214 to 5359 ng/g (for both river and sea fish) ( Table 3) . Our findings are in close agreement with Storelli [39] and Ersoy and Çelik [40] . These authors found mean levels of 1.35 ± 0.57 µg/g in fish samples from the Mediterranean Sea [41] , and from 1.06 to 2.09 mg/kg in fish from the eastern Mediterranean in Turkey [39] . The mean values for sea fish samples were 2202 ± 1284 ng/g. The copper level in Brazilian seafood samples were 17,390 ± 11,730 ng/g. These values are in agreement with those reported for the same samples in Poland (Cu range: 0.1 -18.4 mg/kg) [41] .
Our values for the essential element Mn are in close agreement with those found in other geographic regions [40] . For fish samples from the eastern Mediterranean Sea, Mn values ranged from 0.11 to 0.64 µg/g [40] , while our mean sea fish Mn levels were 328 ± 252 ng/g. On the other hand, Mn levels are considerably lower in Brazilian than in Polish seafood (417 -3855 ng/g against 0.1 -40 µg/g in Poland [41] ).
The Mg levels of both sorts of Brazilian fish in our study were very comparable while seafood presented somewhat higher Mg concentrations ( Table 3) . In agreement with our findings, Mg levels varied from 94.1 to 210 mg/kg (wet weight) in Turkish fish [40] , and from 52.6 -532 mg/kg (wet weight) in Polish seafood [41] .
It is interesting that of the chemical elements evaluated here, Mg, Fe and Zn were found most abundantly in both Brazilian fish and seafood samples. Moreover, Fe and Zn levels were higher in seafood than in fish ( Table 3) . Fe levels varied from 0.4 to 26.1 µg/g (wet weight) and Zn levels varied from 0.06 to 39.3 µg/g (wet weight) in marine fish samples from Rio de Janeiro State, Brazil [42] . Likewise, in French fish samples, mean Fe and Zn concentrations were, respectively, 4.42 ± 4.51 and 5.43 ± 4.85 µg/g (fresh weight) [35] . Finally, seafood from France had about twice the levels found in this study for Fe and Zn.
Furthermore, the Zn concentrations found in the present study are comparable to those found in a previous study of samples collected in Italian markets. Although these researchers measured Zn levels in fresh samples, mean Zn levels in fish (8.43 mg/kg) and in seafood, or more specifically, mollusks (33 mg/kg) [39] , were very similar to our values ( Table 2) .
Little is known about the levels of molybdenum (Mo), another essential element, in edible fish and seafood. We found higher levels of Mo in seafood (mean of 193 ± 204 ng/g) than in river or sea fish samples (mean of 77 ± 69 and 94 ± 98 ng/g). In comparison, fish and seafood from French markets had Mo means of 13 ± 14 ng/g and 123 ± 106 ng/g, respectively [35] .
The mean consumption of fish and seafood in Brazil is 11.0 g/person/day. However, consumption varies considerably from region to region. For instance, people in the North and Northeast consume 48 and 14 g/person/day, respectively, while in the South the consumption is only 4 g/person/day [18] . Seafood and fish are important sources of proteins for many people. Therefore estimating the daily intake (EDI) of essential and toxic elements from the ingestion of this food is fundamental to evaluate risk. Table 4 shows Brazilian EDI for toxic, essential and nonessential elements based on the mean 11 g/person/day.
EDI for Cd and Pb in both types of fish and seafood were 0.91 and 0.18 µg·day , respectively [40] and for Spanish men and women As, Cd, Hg and Pb EDIs were 195, 1.1, 9.4 and 2.1 µg·day -1 , respectively [43] . From this it is clear that the Spanish fish-and seafood-based EDI for As and Hg are around 4 and 20 times higher than the estimated values for Brazilians. Nevertheless, despite none of them exceeded the limits established by JECFA/FAO to methylmercury [44] , or to arsenic [45] , it is important to keep in mind the power of bioaccumulation of some elements, such Hg, whose chronic exposure could represent a risk for Brazilians [27] . And although the considerable As daily intake for Brazilians, it must be considered that commonly the least toxic As form-arsenobetaine-is present in fish and seafood [46] .
Regarding essential elements fish and seafood contributed moderately to the dietary reference intake (DRI) for Se (>14%) and Cu (3.5%). For the other elements (Mn, Fe, Mg, Zn and Mo) the contribution to the DRI is lower than 1.2% (Table 4) . However, considering the highest Brazilian fish/seafood consumption (48 g/person/day), these sorts of food represent a source of Se and Cu (61 and 15%, respectively). On the other hand, Northern people also intake more levels of toxic elements, although none of them, except As, exceeded the toxicological reference values.
Thus, considering Brazilians' moderate fish and seafood consumption, the present study sheds new light on the occurrence of essential, nonessential and toxic elements in river and sea fish and seafood from different Brazilian regions. There was a significant difference between chemical element concentrations in fish and in seafood samples, with a predominance and higher accumulation in seafood samples. Finally, the estimated daily intake for toxic elements shows that fish and seafood consumption apparently do not represent a risk for Brazilians. Nonetheless since there are evidences for bioaccumulation for some toxic chemical elements such as Hg and As, data have to be interpreted cautiously, even with low intake of these elements. Moreover, fishes and seafood are an interesting source of the essential element Se for Brazilians. However, due to different dietary habits, Brazilian regions differ considerably regarding fish and seafood consumption, especially North and South. Thus, specific analysis of population sub-groups is essential to acquire more precise toxicological risk data.
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